Information on randomization, blinding, comparator, end point, and study size could not be identified for 74 studies (33.3%), and no reason for discontinuation was provided for 29 of the 42 discontinued studies (69.0%). Among the completed studies, the results were reported for 57 (76.0%). At the time of approval, 18 of 114 drug approvals (15.8%) had any pediatric efficacy, safety, or dosing information in their labels. After a median duration of follow-up of 6.8 years (interquartile range, 4.7-9.1 years), 47 of 114 of drug labels (41.2%) had any pediatric information.
M any medicines prescribed to children have not been studied in this patient population or formally approved for pediatric use.
1,2 Across outpatient and inpatient pediatric care, rates of off-label prescribing are estimated to range from 62% to 85% in the United States.
3-5
Widespread off-label use of medicines in pediatric care raises several concerns. Patients may be prescribed treatments that are not effective or physicians may withhold potentially effective therapies because they are not indicated for pediatric use. In addition, the off-label use of medicines is associated with an increased risk of adverse drug reactions in children. [6] [7] [8] To address this gap in the evidence base, the Pediatric Research Equity Act (PREA), signed into law in 2003, authorized the US Food and Drug Administration (FDA) to require clinical studies assessing the safety and efficacy of new drugs-as well as new indications, dosage forms, and routes of administration of already approved products-in all relevant pediatric subpopulations (Box). The statute required pediatric studies to be submitted before the drug can be approved, reflecting the hope that patients and physicians will have access to pediatric data as soon as a new drug becomes available on the market. 9 However, the legislation allowed pharmaceutical companies to request deferrals of pediatric studies until after approval in certain cases. In 2007, the FDA Amendments Act amended PREA to designate all deferred studies as postmarketing studies and to require better tracking by the FDA of these required pediatric studies. It also established financial and other penalties for companies that do not comply with the pediatric postmarketing requirements. Despite PREA's goal of ensuring earlier access to information on drug approvals in the pediatric population, most studies required under PREA have been deferred, 10,11 mirroring the broader shift of evidence collection from before to after regulatory approval in recent years. [12] [13] [14] [15] In 2012, the National Academy of Medicine recommended that the FDA improve the timeliness of completion of pediatric studies required under PREA and expand public access to information from these studies. 1 However, in December 2017, it was reported that there was a backlog of more than 500 pediatric studies for approved drugs.
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As PREA is the primary mechanism for generating evidence on the safety, efficacy, and appropriate use of new drugs in children, we sought to examine the performance of this policy. In this study, we evaluated the characteristics, completion rate, and transparency of the design and results of pediatric postmarketing studies required by the FDA under PREA for new drugs and new indications for already approved drugs in the 7-year period from 2007 to 2014. In addition, we assessed the availability of pediatric information in product labels.
Methods

Study Cohort
We identified all new drugs and supplemental indications (ie, new indications for previously approved drugs) approved by the FDA between January 1, 2007, and December 31, 2014, using the FDA's Drugs@FDA database. 17, 18 The study time frame was chosen to allow at least 3 years of follow-up from the date of FDA approval.
For all identified new drugs and supplemental indications, we reviewed the FDA's approval letters and review dossiers to determine whether any pediatric studies had been required under PREA. Drugs intended to treat rare diseases affecting fewer than 200 000 people in the United States (Orphan Drug Act-designated drugs) are statutorily exempted from PREA requirements. 19 In addition, the FDA may waive the need for pediatric studies in certain cases; for example, if a disease occurs primarily in adults (eg, pediatric study requirements were waived for aflibercept when it was approved for a new indication of macular edema after retinal vein occlusion, because pediatric studies for this indication were considered impossible or highly impracticable) (Box). Our study cohort comprised all pediatric studies required by the FDA at the time of approval for new drugs and supplemental indications with PREA requirements.
Data Extraction and Outcome Measures
Using the FDA's approval letters and public databases, we extracted information on the scope of the pediatric study requirements: planned completion date, indication, study population, and, if provided by the FDA, study design and number of participants. We included both clinical trials and observational clinical studies. To obtain additional information on study design and conduct, we linked all included pediatric studies to ClinicalTrials.gov entries by searching the registry for the study name or a combination of the drug name, indication, study population and age group, study type, and planned completion date. We categorized studies into 3 mutually exclusive groups, as relating primarily to efficacy (ie, inclusion of at least 1 efficacy outcome as a primary end point), safety, or pharmacokinetics and pharmacodynamics (PK/ PD). We identified whether any pediatric subpopulation was planned to be enrolled, using the following FDA definitions for pediatric age groups: neonates (<28 days), infants (1-23 months), children (2-11 years), and adolescents (12-17 years).
20,21
Using methods described previously, 18, 22 we categorized study end points as clinical outcomes (clinical outcomes or scales) or surrogate measures (laboratory, radiographic, or other measures believed to predict clinical benefit). We used a comprehensive search strategy to identify the status of all included studies through the date of database lock on December 1, 2017. First, we matched our database of pediatric studies to the FDA's Postmarket Requirements and Commitments data file, which is updated on a quarterly basis and provides information on postmarketing studies for drugs regulated by the FDA. 23, 24 We also identified the current study status on ClinicalTrials.gov and, for studies that appeared to be not yet completed, supplemented this with a manual review of all FDA labeling and approval documents on the Drugs@FDA database to identify any notice from the FDA that the study had been completed or discontinued. Finally, for studies with a status that could not be definitively determined from FDA databases or on ClinicalTrials.gov (approximately 5% of cases; eTable 1 in the Supplement), we communicated directly with the FDA to establish the current status. Our co-primary outcome measures were study completion rate and results reporting. We considered a study to be completed if it was designated by the FDA as fulfilled (meaning the FDA was satisfied that the company had met the terms of the postmarketing study requirement) or, if that information was unavailable from the FDA, the study was marked as completed in ClinicalTrials.gov. Discontinued studies included those that had been terminated by the company before or after initiation and those classified as terminated or withdrawn in ClinicalTrials.gov. Pending studies were those that had not been completed or discontinued.
Results reporting was defined as results posted on ClinicalTrials.gov, publication in a peer-reviewed journal, and/or results published in FDA documents. To identify peerreviewed publications, we searched PubMed/Medline, EMBASE, and Web of Science using the study name or a combination of the drug name, indication, study population and age group, study type, planned completion date, and, if available, ClinicalTrials.gov identifier. We extracted the date that results were posted on ClinicalTrials.gov and the date of first publication (earlier of the first publication online or publication date in the citation). We also assessed the drug labeling at the time of approval and at the time of database lock to determine whether any pediatric efficacy, safety, and/or dosing information was available. 
Statistical Analysis
Descriptive statistics were used to characterize the size and design of pediatric studies as well as the proportion of drug labels that had any pediatric information at the time of approval and as of December 1, 2017. We calculated the unadjusted rates and times to study completion and results reporting, both from the date of initial FDA approval. We used Cox proportional hazards regression models to assess differences in time to study completion for efficacy studies vs safety and PK/PD studies, with censoring of studies not completed before the end of follow-up as of December 1, 2017. To compare completed studies with and without results reporting, the Fisher exact test was used to assess differences in the proportion of studies that were efficacy studies and the Mann-Whitney test was used to assess differences in median study duration. Statistical analyses were performed using Stata, version 12 (StataCorp). All P values were from 2-sided tests and results were deemed statistically significant at P < .05.
Results
The FDA approved 438 new drugs and new indications for already approved drugs between 2007 and 2014, of which 114 were subject to PREA study requirements, including 84 new drugs and 30 supplemental indications ( Figure 1; The FDA may also waive requirements for some or all pediatric age groups if necessary studies would be "impossible or highly impracticable" (eg, disease occurs primarily in adult populations), evidence strongly suggests the drug is ineffective or unsafe, or if reasonable attempts to produce a pediatric formulation have failed.
Indication
Limited to indication(s) approved in adults
Deferral
The FDA can grant deferral of submission of required pediatric data until after approval. In addition, sponsors may request extensions of deferrals.
Abbreviation: FDA, US Food and Drug Administration.
a In final guidance published in July 2018, the FDA announced that it no longer intends to grant orphan drug designation to drugs for pediatric subpopulations of common diseases (eg, pediatric ulcerative colitis) unless the pediatric subpopulation can be considered a different disease from the disease in the adult population, which in the past has allowed certain companies to be exempted from required pediatric studies through orphan designation.
the Supplement). The FDA required 222 pediatric postmarketing clinical studies for these 114 drug approvals (median, 2 studies per approval; interquartile range [IQR], 1-2) ( Table 1) . The 3 most common clinical indications were seizures (21 studies), type 2 diabetes (20 studies), and HIV (17 studies). By study type, 132 studies (59.5%) were efficacy studies, 56 (25.2%) were safety studies, and 34 (15.3%) were PK/PD studies. There were 62 studies (27.9%) that planned enrollment of neonates, 80 studies (36.0%) that planned enrollment of infants, 162 studies (73.0%) that planned enrollment of children, and 176 studies (79.3%) that planned enrollment of adolescents. Only 27 studies (12.2%) planned to enroll only neonates or infants, and 6 studies (2.7%) planned to enroll neonates exclusively.
Characteristics of Pediatric Clinical Studies
For the 157 studies with publicly available information on study size, 17 333 pediatric participants were enrolled or planned to be enrolled, with a median of 83 participants per study (IQR, 38-160) ( 
Completion of Mandatory Pediatric Studies
Pediatric studies were planned to be completed at a median of 5.1 years (IQR, 3.8-7.0 years) after approval. The median planned study durations were 5.4 years for efficacy studies, 5.5 years for safety only studies, and 3.3 years for PK/PD studies.
As of December 1, 2017, allowing for a median follow-up of 6.8 years (IQR, 4.7-9.1 years), 75 of 222 pediatric clinical studies (33.8%) were completed, 105 (47.3%) were pending, and 42 (18.9%) were discontinued. The rate of study completion 1 year after FDA approval was 2.3%, 2 years after FDA approval was 6.8%, and 5 years after FDA approval was 26.7% ( Figure 2 ). The rate of completion for efficacy studies was 28.8% (38 of 132) and for safety-only studies was 32.1% (18 of 56), compared with 55.9% (19 of 34) for PK/PD studies. There were no statistically significant differences in completion rates by pediatric age group. In multivariable Cox proportional hazards regression models, efficacy studies were significantly less likely to be completed than were PK/PD studies (hazard ratio, 0.31; 95% CI, 0.12-0.82; P = .02).
Transparency of Pediatric Study Design
With follow-up through December 1, 2017, information was available for 188 studies (84.7%) on randomization, 187 (84.2%) on blinding, 182 (82.0%) on comparator, 162 (73.0%) on end point, and 157 (70.7%) on study size (Table 3) . Overall, information on all 5 of these design characteristics was available for 148 studies (66.7%). Any reason for discontinuation was provided for 13 of 42 discontinued pediatric studies (31.0%): 5 studies were discontinued because the drug was withdrawn from the market, 3 for business reasons, 3 for safety issues, and 2 for other reasons. Of the 42 discontinued studies, 13 (31.0%) were discontinued after enrollment of participants had begun.
Availability of Pediatric Study Results and Labeling Information
Among the 75 completed pediatric studies, the results were reported for 57 (76.0%) in ClinicalTrials.gov, a peer-reviewed journal, or the FDA review summary. The results for 34 (45.3%) were published in a journal, the results for an additional 21 (28.0%) were posted in a trial registry, and the results for 2 (2.7%) were available only in FDA review summaries. There was no difference in study duration or proportion of efficacy studies between completed studies with vs without results reporting. At the time of approval, 96 of 114 drug labels (84.2%) had no information on efficacy, safety, or dosing for children. The labels for 29 of these 96 drugs (30.2%) were subsequently updated with pediatric-specific information. Overall, as of December 1, 2017, a total of 47 drug labels (41.2%) included any pediatric information. Labels for 44 drug approvals (38.6%) had information on pediatric efficacy, 44 (38.6%) had information on pediatric safety, and 40 (35.1%) had information on pediatric dosing or PK/PD properties.
Discussion
In this analysis of pediatric postmarketing studies mandated by the FDA for new and supplemental drug approvals between 2007 and 2014, we found that most studies had not been completed as of December 1, 2017, and most drug labels continued to lack pediatric information. The rate of study completion 5 years after FDA approval was only 26.7%, and, after a median follow-up of 6.8 years, 41.2% of drug labels contained any pediatric efficacy, safety, or dosing information.
Despite legislation aimed at ensuring that drugs are studied in children, we found that patients and clinicians may face substantial delays after a new drug is approved before relevant pediatric information becomes available. Completion rates of pediatric studies, and particularly pediatric efficacy studies, appear to be lower than those for other FDA-mandated postmarketing studies, such as required studies of serious safety risks and confirmatory studies for drugs approved based on surrogate measures (accelerated approval) or animal studies (animal rule approvals). 16, 25 A, Cumulative incidence rates of study completion for all pediatric studies required by the FDA. B, Cumulative incidence rates of study completion stratified by efficacy studies vs safety and pharmacokinetics and pharmacodynamics (PK/PD) studies. Log-rank P = .005.
Once pediatric studies were completed, results from 76.0% were reported publicly, which is consistent with estimates for pediatric studies registered to ensure that these studies are being conducted. Although the FDA cannot withdraw approval for a drug if a manufacturer fails to comply with PREA, the FDA can determine that the drug is "misbranded" and initiate injunction or seizure proceedings. The FDA can also publicly post noncompliance letters for overdue PREA studies. However, to our knowledge, to date, no financial penalties or enforcement proceedings have been brought against manufacturers for noncompliance with PREA, and only 31 noncompliance letters have been issued. 35 The FDA should be more willing to use its existing enforcement authority in cases of unreasonable delays. Our findings may have implications for postmarketing research more broadly. The experience with PREA was cited in the passage of the FDA Amendments Act in 2007, which expanded the types of postmarketing studies that the FDA could require. New strategies to ensure completion of postmarketing studies could be tested first in the pediatric context before being applied to other types of postmarketing requirements. For example, the FDA could consider requiring certain pediatric studies (eg, those with the greatest potential importance for clinical practice) to begin enrollment of pediatric patients before approval. Such a policy would have precedent: in 2008, the FDA implemented a similar policy to ensure that companies developing antidiabetic therapies conduct cardiovascular safety trials.
36,37
Limitations
Although our study allowed a median follow-up of 6.8 years, it is possible that more studies will be completed in the future, and more completed studies may report results. The reasons for study delays are multifactorial: relatively few established pediatric biomarkers, difficulties in participant recruitment, and varying obligations for pediatric studies between regulatory agencies internationally have been cited as possible contributors to study delays and noncompletion. 38 Our study assesses the performance of US pediatric regulations, and future research would help elucidate the root causes of delays. In addition, we focused on studies required under PREA, and our results may not be generalizable to other types of pediatric research. In addition to PREA, Congress also passed the Best Pharmaceuticals for Children Act, which is voluntary and provides a financial incentive to companies if they perform certain requested pediatric studies. Thus, the Best Pharmaceuticals for Children Act also contributes to pediatric postmarketing studies. However, PREA is responsible for nearly 80% of pediatric drug studies completed for the FDA 39 and approximately 70% of all pediatric labeling changes. 40 As such, PREA remains by far the more important mechanism for pediatric postmarketing research.
Conclusions
More than a decade after enactment of pediatric legislation in the United States, important gaps remain in the availability of pediatric drug information. After a median follow-up of 6.8 years, only 33.8% of pediatric studies mandated by the FDA have been completed, and 41.2% of drug approvals include any pediatric labeling information. To reduce off-label and unsafe prescribing of medicines to children, mandatory pediatric research must be completed in a timely fashion and the results made widely available to clinicians and patients.
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The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. Deferred pediatric study under PREA for the treatment of HIV in pediatric subjects from birth to ≤ 2 years of age. This study will determine the maraviroc exposure (pharmacokinetic profile) followed by 48 weeks of dosing with efficacy based on viral load reduction through 48 weeks of dosing, and safety monitored over 96 weeks for pediatric subjects from birth to 2 years of age to support maraviroc dose selection, safety and efficacy.
14.
New drug approval
Released (2015) Methylnaltrexone (Relistor) Conduct a pharmacokinetics and safety study of Relistor in pediatric patients ages 5 to 17 years with opioid induced constipation and advanced illness receiving palliative care.
Released (2012) Tapentadol (Nucynta) Treatment of moderate to severe acute pain in pediatric patients
Ongoing Vilazodone (Viibryd) Deferred pediatric study under PREA for the treatment of major depressive disorder in pediatric patients aged 7 to 17. Conduct a study to obtain pharmacokinetic, safety, and tolerability data and provide information pertinent to dosing of vilazodone in the relevant pediatric population
Released (2014) Perampanel (Fycompa) A prospective, randomized, controlled, double-blind, efficacy and safety study of FYCOMPA (perampanel) in children ages 2 years to < 12 years for the adjunctive treatment of partial onset seizures with a long term safety extension. The primary efficacy endpoint during the controlled phase will examine seizure frequency based upon diary data. Safety will be evaluated during the controlled phase and long term extension.
Released (2016) Levetiracetam (Keppra) Deferred pediatric study under PREA for adjunctive therapy in the treatment of primary generalized tonic-clonic seizures in pediatric patients ages 2 to 6 years of age with idiopathic generalized epilepsy.
New indication
Released (2007) Peginterferon alfa-2a (Pegasys)
Evaluate the safety and antiviral effectiveness (as measured by sustained virologic response (SVR)) of Pegasys/Copegus combination therapy in pediatric patients by conducting an openlabel, study of HCV-infected patients 3 to 5
Released (2014) years of age. The study must provide safety
Drug
Study description Type Status
and SVR data for at least 10 subjects 3 to 5 years of age who receive the Copegus oral solution formulation in combination with Pegasys. Analysis of safety and effectiveness should be conducted when all subjects in the 3 to 5 year age group have reached 24 weeks post-treatment, and these interim analyses should be submitted to FDA for review.
Tenofovir (Viread) Deferred pediatric study under PREA for the treatment of chronic hepatitis B virus infection in pediatric patients ages birth to <2 years of age.
New indication
Released (2015) Vigabatrin (Sabril) The study is to be a multi-center, randomized, placebo-controlled double blind parallel design study evaluating the safety and efficacy of several fixed doses of Sabril (vigabatrin) as adjunctive therapy in pediatric patients age 10 years and above with refractory complex partial seizures. Adequate visual monitoring and stopping rules must be incorporated into this study.
New drug approval
Fulfilled (2013) Darunavir (Prezista) Deferred pediatric study under PREA for the treatment of HIV-1 infection in treatment-naïve pediatric subjects from 3 to <12 years of age. Conduct a pediatric safety and activity study of darunavir, in combination with ritonavir, in the treatmentnaïve population with activity based on the results of virologic response over at least 24 weeks of dosing and safety over 48 weeks. (2013) 
New indication
Fulfilled
